A new D 3h symmetric triptycene derivative has been synthesized with the aim of obtaining molecules that are able to assemble into porous structures, and can be used in the development of new ligands. The synthesis involves a Diels-Alder reaction as the key step, followed by an oxidation and the formation of a maleimide ring. Triptycene trimaleimide furnished single crystals which have been analyzed by means of X-ray diffraction.
Introduction
The advantages offered by high-symmetry molecules are widely recognized in catalysis and can be readily applied in several other fields (e.g., material science, liquid crystal technology and nanoscience). In recent years we have been involved in the synthesis and application of C 3 , [1, 2] C 3v [3] [4] [5] [6] [7] and D 3 [8] symmetric molecules. More recently, we decided to extend our attention to D 3h molecules and in particular to the functionalization of triptycenes. Triptycenes are members of an interesting class of compounds which have a high level of symmetry associated with a very rigid
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framework. Owing to these properties, they have been used extensively as molecular scaffolds in supramolecular chemistry, as well as in materials science. [9] [10] [11] Indeed, by using the strategy of molecular tectonics, a hypothetical molecule possessing D 3h symmetry and linking sites at the extremities might lead to a porous structure via the formation of a hexagonal network (Figure 1 ). [12] A tecton based on a triptycene quinoxaline ligand has been used for the formation of pores. [13] In this case, copper atoms bridge the quinoxaline units to give a honeycomb structure in the crystalline state.
Results and Discussion
We chose to synthesize a related triptycene-based tecton with D 3h symmetry in the hope that it would also assemble in the solid state into a honeycomb structure with large pores. Instead of using metal atoms to link the organic moieties, the plan was to utilize non-covalent intermolecular interactions, viz. hydrogen bonds, between suitably positioned donor and acceptor groups to directionally control the aggregation of the molecules. The binding functionality was the well known maleimide motif, which has been used extensively as a recognition motif for the formation of supramolecular aggregates. [14, 15] The synthetic strategy was based on the preparation of the D 3h -hexamethyl triptycene followed by oxidation to hexacarboxylic acid and cyclisation to the maleimide. The intermediate hexaacid is itself an interesting platform for future developments, such as dendrimer chemistry, or as a core for liquid crystals. Of the two common approaches for the synthesis of functionalized triptycenes -i.e. addition of functional groups to unfunctionalized triptycene and DielsAlder cycloaddition of benzyne to anthracene, both of which contain the desired functionalities -we followed the second procedure by starting from tetramethylanthracene synthesized according to a literature procedure. [16] Two different precursors of the benzyne derivative were studied (Scheme 1). The first comes from the addition of n-butyllithium to 1,2-dibromo-4,5-dimethylbenzene, while the second is the 4,5-dimethyl equivalent of anthranilic acid. 1,2-dibromo-4,5-dimethylbenzene can be synthesized readily from xylene, while the anthranilic derivative requires a longer synthesis starting from 3,4-dimethylaniline. [17] The slow addition of n-butyllithium to a solution of 2 and 1 furnished the desired product in low yield. Attempts to optimize the yield did not give significant improvements. The generation of the benzyne via aprotic diazotization of the corresponding anthranilic derivative produced the expected product in fair yields. [18, 19] The reaction was performed under standard conditions and the product was obtained after flash chromatography (silica gel hexane/dichloromethane 95:5) and crystallization from dichloromethane/toluene. Several conditions for the oxidation of compound 4 were tried. Indeed, mild conditions using only potassium permanganate resulted in the formation of partially oxidized products, whereas strongly basic potassium permanganate results in the production of the desired product, but at the same time, over-oxidation products, such as 1,2,4,5-benzenetetracarboxylic acid, are generated. The best conditions were obtained by using the oxidizing agent in pyridine in the presence of a water solution of NaOH (Scheme 2). This afforded the desired hexacarboxylic acid in 78% yield. A similar procedure was reported in the literature during this work. [20] [21] .
Scheme 2. Synthesis of trimaleimido derivative 7.
The synthesis of the trimaleimido derivative 7 followed a procedure reported in the literature for phthalic acids. [22] The acid 5 was converted to the corresponding anhydride by refluxing in acetic anhydride. The resulting compound was then treated with urea in boiling xylene to afford the trismaleimide 7. The formation of the product was confirmed by NMR and ESI-MS analysis.
The compound proved difficult to purify, this being achieved finally by filtration followed by recrystallisation from an acetone-DMF mixture. The resulting crystals were analyzed by means of Xray diffraction which revealed that compound 7 had crystallized as a 1:1 solvate with disordered DMF. The crystals were merohedrally twinned via a 2-fold rotation about (1 1 0) . In the crystal, the molecules of 7 are not aligned in the expected honeycomb structure with open pores. Instead, a more compact arrangement has ensued (Figure 2) . Although all of the maleimide groups are involved in intermolecular hydrogen bonds, the sought recognition pattern was not produced. Nonetheless, a sufficiently open packing of the molecules of 7 permits the inclusion of DMF molecules in the lattice. 
Experimental

General
Solvents were purchased from Sigma-Aldrich and used without further purification. 1 H-and 13 C-NMR spectra were recorded using a Bruker Ultrashield spectrometer operating at 300 MHz ( 1 H) and 75.47 MHz ( 13 C). ESi-MS experiments were performed on a Agilent ESI-IonTrap instrument by direct flow injection using methanol as mobile phase. Compound 5 was synthesised according to [21] .
Synthesis of triptycene-2,3,6,7,14,15-hexacarboxytriimide (7)
Hexacid 5 (518 mg, 1 mmol) was added to acetic anhydride (20 mL) and the solution refluxed (165 °C) for 24 h. The acetic anhydride was removed in vacuo to afford the crude phthalic anhydride 6 (445 mg, yield 96%), which was dissolved in xylenes (25 mL), urea (480 mg, 8 mmol) was added and the mixture stirred at reflux for 20 hours. The residual solvent was removed in vacuo and the resulting solid was washed with water to remove unreacted urea. Filtration, followed by recrystallisation from an acetone-DMF mixture ( 
X-ray crystallography
Crystals suitable for X-ray structure determination were obtained by slow diffusion of acetone into a DMF solution of 7. Crystal data for 7: 
Conclusions
In summary, we have investigated the possibility of building a honeycomb-structured porous crystal by using triptycene as the basic structural component. Along the way, other molecules with other potential applications have been synthesized.
